THE effects. of X-irradiation on adrenal function are not well understood.
Increased adrenocortical activity appears to result from irradiation in the experimental animal. This is suggested by indirect measurement of adrenal function (Leblond and Segal, 1942; Lafargue, Schiller, Tyan and Pitoy, 1953; Venters and Painter, 1951; Wexler, Pencharz and Thomas, 1952; Nins and Sutton, 1954; Patt, Swift, Tyree, and John, 1947; Nizet, Heusghem and Herve, 1949) , and more directly by measurement of urinary and plasma 17-hydroxycorticosteroids (Brayer, Glasser and Duffy, 1954; Bowers, Nelson, Bay and Samuels, 1952; French, Migeon, Samuels and Bowers, 1955; Van Cauwenberg, Fischer, Viliens and Bacq, 1957) . In man, the response to therapeutic irradiation is less well defined. Lasser and Senstrom (1954) and Soanes and Dodson (1954) have found evidence of adrenal hypofunction following X-irradiation of the abdomen, whilst Notter and Gemzel (1956) have reported a rise in plasma hydrocortisone concentration following a transient fall which occurred soon after irradiation. It was thought therefore that a further study of adrenal function in man, as reflected by plasma hydrocortisone concentrations before and after therapeutic Xirradiation, might be of interest.
METHODS
Male and female patients (Table I) undergoing radiation treatment for various malignant disorders were studied. Plasma was obtained on the day before commencement oftreatment and on the day after completion of a course of therapy of variable length (12-43 days). In order to eliminate the effect of diurnal variation the blood was drawn at the same hour in both cases (10.00 a.m.). Three patients were studied in greater detail during the five hours after their first X-ray treatment.
Details of therapy received are indicated in Table I . Ten patients were treated on the Linear Accelerator, one received treatment under the Cobalt beam, two received injections of radioactive gold, and the remainder were treated with a 250 kV. therapy machine with 1 mm. Al and 1 mm. Cu filters. The dose varied from 4500 to 6400 rads for patients treated with the linear Accelerator, and from 2000 to 9200 r for those patients treated by other means. For convenience most analyses were performed on plasmas which had been stored in the frozen state. This made no significant difference in the results of analyses. Ten specimens were analysed before and after freezing for periods up to three weeks and the mean difference in plasma hydrocortisone concentration was -1 ± 2 0 /czg. per cent.
Plasma hydrocortisone concentrations were measured in a group of in-patients with various non-endocrine disorders, and in a small group of normal healthy males, in order to establish the normal range in non-irradiated subjects, observed over a comparable period of time.
RESULTS
Plasma hydrocortisone concentrations were measured in 33 male and 20 female in-patients with various non-endocrine disorders. The mean for males was 16-3 + 6-1 ,ug. per cent. with a range of 6-0-27-4 ,tg. per cent. For females the mean was 16-7 ± 7.7 ,ug. per cent. with a range of 3-2-36-0 /tg. per cent.
The combined group mean was 16-5 ± 6.7 ,ug. per cent. with a range of 3-2-36-0 Itg. per cent. This group includes the hydrocortisone concentrations of patients who were subsequently given therapeutic irradiation, with the exception of those in a terminal state (because of the associated rise in plasma hydrocortisone concentration in such patients (Perkoff, Sandberg, Nelson and Tyler, 1954) ).
There was no consistent difference between plasma hydrocortisone concentrations before and after irradiation in 10 male and 10 female patients (Table I) . The mean plasma hydrocortisone concentration before radiation was 13-4 ± 8-6 ,ug. per cent., and after a period of radiation (mean duration 25 days) it was 13-8 ± 6'2 ,ug. per cent. These figures differ in no significant way from the control group of 10 subjects which gave mean values of 15-8 ± 5.7 jug. per cent.
before and 16-1 ± 4.7 ,ug. per cent. after intervals of similar duration, but without radiation treatment. It is of interest that one of these patients (No. 11) had a normal plasma hydrocortisone concentration at a time when she was suffering from radiation sickness.
The effects of radiation on plasma hydrocortisone concentrations in three subjects, observed over a period of five hours following the first treatment with deep X-ray to the abdomen, is shown in Fig. 1 . In two subjects receiving 150 r (50 r through each of three portals), there was a sharp fall in the plasma hydrocortisone concentration, followed by a rise, while in the single patient who received A review of the earlier literature suggests that either adrenal stimulation or depression may occur after X-irradiation according to the site and the dose of the radiation. Whole body irradiation would appear to result in adrenal stimulation, as both urinary (Brayer, Glasser and Duffy, 1954) and plasma (Bowers, Nelson, Bay and Samuels, 1952; French, Migeon, Samuels and Bowers, 1955; Van Cauwenberg, Fischer, Viliens and Bacq, 1957) corticosteroids have been reported to be increased following irradiation of several animal species. It seems possible therefore that irradiation is another example of a non-specific adrenal stress. However, direct irradiation of the adrenal glands leads to depression of their function. Ungar, Rosenfeld, Dorfman and Pincus (1955) have demonstrated a depression of steroid synthesis following irradiation of the isolated perfused calf adrenal, which would help explain the earlier observation of Edelmann (1951) that shielding of rat adrenals from whole body irradiation increased their survival rate. The early fall in plasma hydrocortisone concentration, observed in two patients exposed to abdominal field irradiation appeared greater than could be attributed to diurnal decline (Peterson, 1957) . It is probably explained by a transitory adrenal depression, and is similar to the findings of Notter and Gemzell (1956) who observed a depression in plasma 17-hydroxycorticosteroid concentration 30 minutes after X-irradiation of the adrenal. These workers also noted a rise two to three hours after irradiation. Similarly a rise was observed in two of the three patients presented here, which occurred despite the normal diurnal decline. This rise may have been due to recovery of adrenal function or to temporarily decreased renal excretion of steroids following irradiation. The latter is unlikely because the increase in plasma hydrocortisone concentration is relatively slight even in complete renal shutdown (Englert, Brown, Willardson, Walach and Simons, 1958) . On the basis of previous work (Bowers, Nelson, Bay and Samuels, 1952; French, Migeon, Samuels and Bowers, 1955; Van Cauwenberg, Fischer, Viliens and Bacq, 1957) this rise may indicate adrenal stimulation following X-irradiation.
Failure of the patient who received only 25 r to each of two abdominal fields, to show a fall in plasma hydrocortisone concentration, is in keeping with the observation of Notter and Gemzell (1956) that at least 50 r delivered in a single dose to the adrenal area was necessary to produce a depression of adrenal function. Likewise it has been observed in monkeys that a minimum of 50 r whole body irradiation is required to produce an adrenal response (French, Migeon, Samuels and Bowers, 1955) .
The lack of change observed in plasma hydrocortisone concentrations following long periods of radiation therapy, in both our patients and those reported by 521 C. B.7HATFIELD AND S. SHUSTER Notter and Gemzell (1956) (Lasser and Stenstrom, 1954 ).
It appears that the adrenal response to therapeutic -radiation is dependent upon whether the adrenals receive direct irradiation. If the adrenals are not exposed directly to irradiation, the response is similar to that observed following other non-specific stresses: if they are, transient adrenal hypofunction may occur. The practical implication of this and-the work of Notter and Gemzell (1956) is that signs of adrenal insufficiency should be watched for when patients receive large doses of irradiation over the abdomen or lower thorax.
SUMMARY
(1) Plasma hydrocortisone concentration was measured in a group of hospitalized patients before and after a course of radiotherapy, and in a comparable group of non-irradiated hospital patients. There was no significant change in the plasma hydrocortisone concentrations after radiotherapy.
(2) In three patients changes in plasma hydrocortisone concentrations were observed over a five hour interval after a single treatment with X-irradiation. In two patients given 150 r the plasma hydrocortisone concentration fell and then rose. In a third patient given only 50 r, there was no initial fall but the plasma hydrocortisone concentration rose slightly.
(3) It is concluded that transient adrenal depression may occur after sufficient irradiation of the adrenal glands.
